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PROBLEM TO BE SOLVED: To manufacture a good quality collector on 
which separation and a swelling are not caused by performing compression 
molding without leaving bubbles in a material. 

SOLUTION: Thermally expansive graphite powder PW being a collector 
material is set between an upper die 24 and a lower die 26. Afterwards, 
vacuum pumps 32 and 34 are put in an ON condition, and pressure 
reduction in a cavity part surrounded by the upper die 24, the lower die 26 
and a die 22 is started. Then, an upper silde 28 is moved downward, and a 
lower slide 30 is moved upward, and pressure is applied to the upper die 24 
and the lower die 26, and compression molding is performed on the 
thermally expansive graphite powder PW. In this way, the compression 
molding is performed while reducing pressure from the cavity part, and a 
current collecting body is formed. As a result, the compression molding car 
be performed without leaving bubbles in the thermally expansive graphite 
powder PW. 




PW * 



LEGAL STATUS 
[Date of request for examination] 
[Date of sending the examiner's decision of rejection] 

[Kind of final disposal of application other than the examiner's 
decision of rejection or application converted registration] 

[Date of final disposal for application] 

[Patent number] 

[Date of registration] 

[Number of appeal against examiner's decision of rejection] 

[Date of requesting appeal against examiner's decision of 
rejection] 

[Date of extinction of right] 



23.01.2003 



Copyright (C); 1998,2003 Japan Patent Office 



http://www4Jpdljpo.gojp/cgi^ 



* NOTICES * 
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CLAIMS 



[Claim(s)] 

[Claim 1] The manufacture method of the charge collector for fuel cells characterized by having the process which performs 
compression molding depended on a described [ above ] type in the manufacture method of the charge collector for fuel cells 
of manufacturing the charge collector for fuel cells by filling up the interior of the mold for fabrication with charge collector 
material, and pressing the aforementioned charge collector material with this mold, decompressing the interior of a described 
[ above ] type. 

[Claim 2] The manufacture method of the charge collector for fuel cells characterized by providing the following of pressing 
charge collector material and manufacturing the charge collector for fuel cells The process which presses the aforementioned 
charge collector material with this 1st mold, filling up the interior of the 1st mold for fabrication of a predetermined 
configuration with the aforementioned charge collector material, and decompressing the interior of this 1st mold The process 
which forms the aforementioned charge collector by being filled up with the material fabricated according to the 
aforementioned process inside the 2nd mold for fabrication corresponding to the configuration of the aforementioned charge 
collector, and pressing the material concerned with the 2nd mold of the above 

[Claim 3] The manufacturing installation of the charge collector for fuel cells which is characterized by providing the 
following and which presses charge collector material and manufactures the charge collector for fuel cells A compression 
means to press the aforementioned charge collector material with a described [ above ] type where it had the mold for 
fabrication corresponding to the configuration of the aforementioned charge collector and the interior of a described [ above ] 
type is filled up with the aforementioned charge collector material A reduced pressure means to decompress the interior of a 
described [ above ] type at the time of execution of compression molding by the aforementioned compression means 
[Claim 4] The aforementioned heights are the manufacturing installations of the charge collector for fuel cells with which it 
has the draught from which a taper angle becomes 10 degrees or more further, and the tip section with the corner of an R 
0.2mm or more by being the manufacturing installation of the charge collector for fuel cells according to claim 3, and the 
aforementioned charge collector material's being the material containing a thermal-expansion graphite powder or a 
thermal-expansion graphite powder, and equipping a described [ above ] type with the heights for forming a slot in the 
aforementioned charge collector. 

[Claim 5] The aforementioned heights are the manufacturing installations of the charge collector for fuel cells with which it 
has the draught from which a taper angle becomes 15 degrees or more further, and the tip section with the corner of an R 
0.3mm or more by being the manufacturing installation of the charge collector for fuel cells according to claim 3, and the 
aforementioned charge collector material's being a material which has natural-graphite powder and a binder, and equipping a 
described [ above ] type with the heights for forming a slot in the aforementioned charge collector. 
[Claim 6] The manufacturing installation of the charge collector for fuel cells which is characterized by providing the 
following and which presses charge collector material and manufactures the charge collector for fuel cells A 1st compression 
means to press the aforementioned charge collector material with the 1st mold of the above where it had the 1st mold for 
fabrication of a predetermined configuration and the interior of the 1st mold of the above is filled up with the aforementioned 
charge collector material A reduced pressure means to decompress the interior of the 1st mold of the above at the time of 
execution of compression molding by the aforementioned 1st compression means A 2nd compression means to press the 
material which was equipped with the 2nd mold for fabrication corresponding to the configuration of the aforementioned 
charge collector, and was fabricated by the aforementioned 1st compression means with the 2nd mold of the above in the state 
where it set to the interior of the 2nd mold of the above 

[Claim 7] The aforementioned heights are the manufacturing installations of the charge collector for fuel cells with which it 
has the draught from which a taper angle becomes 10 degrees or more further, and the tip section with the corner of an R 
0.2mm or more by being the manufacturing installation of the charge collector for fuel cells according to claim 6, and the 
aforementioned charge collector material's being the material containing a thermal-expansion graphite powder or a 
thermal-expansion graphite powder, and equipping the 2nd mold of the above with the heights for forming a slot in the 
aforementioned charge collector. 

[Claim 8] The aforementioned heights are the manufacturing installations of the charge collector for fuel cells with which it 
has the draught from which a taper angle becomes 15 degrees or more further, and the tip section with the corner of an R 
0.3mm or more by being the manufacturing installation of the charge collector for fuel cells according to claim 6, and the 
aforementioned charge collector material's being a material which has natural-graphite powder and a binder, and equipping 
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the 2nd mold of the above with the heights for forming a slot in the aforementioned charge collector. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the manufacture method of the charge collector for 
fuel cells and manufacturing installation which manufacture the charge collector with which a fuel cell is equipped by 
pressing charge collector material. 
[0002] 

[Description of the Prior Art] The fuel cell is known as equipment which changes into electric energy conventionally the 
energy which fuel has directly. While a fuel cell arranges the electrode of a couple on both sides of an electrolyte film, it 
contacts the oxygen content gas which fuel gas, such as hydrogen, is contacted on the front face of one electrode, and contains 
oxygen on the front face of the electrode of another side, and it is made to usually take out electrical energy from 
inter-electrode using the electrochemical reaction which occurs at this time. A fuel cell can take out electrical energy at high 
efficiency, as long as fuel gas and oxygen content gas are supplied. 

[0003] By the way, such a fuel cell is carrying out two or more laminatings of the zygote which consists of an electrolyte film 
and an electrode of a couple, and has realized high power. For this reason, a fuel cell usually arranges the member called 
charge collector to the boundary of a zygote and a zygote, and makes it the structure which carries out the series connection of 
two or more zygotes. 

[0004] Such a charge collector fills up a mold with it by being made from a thermal-expansion graphite, and is manufactured 
by putting a pressure on the mold (JP,59-75562,A). The charge collector which is excellent in electrical conductivity, 
corrosion resistance, and thermal conductivity, and fills gas impermeability by this manufacture method is manufactured. 
[0005] 

[Problem(s) to be Solved by the Invention] By the way, at the aforementioned Prior art, a good charge collector was not able 
to be manufactured by the following reasons, because, the thermal-expansion graphite used as the material of a charge 
collector -- ** since it is a high powdered thing, in case a mold is filled up with material, a foam will surely be generated in 
material For this reason, while the foam had been left behind, material will be pressed, a front face blisters or the 
manufactured charge collector exfoliates in layers. 

[0006] The manufacture method of the charge collector for fuel cells this invention and the manufacturing installation aim at 
manufacturing the good charge collector which was made in view of such a problem and has neither the ablation resulting 
from the foam having been left behind, nor bulging. 
[0007] 

[A The means for solving a technical problem, and its operation and effect] The composition shown below was taken as a The 
means for solving a technical problem mentioned above. 

[0008] The manufacture method of the charge collector for fuel cells the 1st invention is characterized by having the process 
which performs compression molding depended on a described [ above ] type, decompressing the interior of a described 
above ] type in the manufacture method of the charge collector for fuel cells of manufacturing the charge collector for fuel 
cells, by filling up the interior of the mold for fabrication with charge collector material, and pressing the aforementioned 
charge collector material with this mold. 

[0009] According to this composition, compression molding can be performed, without leaving a foam to the charge collector 
material with which the interior of a mold is filled up, since compression molding with a mold is performed decompressing 
the interior of a mold. For this reason, a charge collector without ablation or bulging can be manufactured. 
[0010] The manufacture method of the charge collector for fuel cells the 2nd invention In the manufacture method of the 
charge collector for fuel cells of pressing charge collector material and manufacturing the charge collector for fuel cells The 
process which presses the aforementioned charge collector material with this 1st mold, filling up the interior of the 1st mold 
for fabrication of a predetermined configuration with the aforementioned charge collector material, and decompressing the 
interior of this 1st mold, It is characterized by having the process which forms the aforementioned charge collector by being 
filled up with the material fabricated according to the aforementioned process inside the 2nd mold for fabrication 
corresponding to the configuration of the aforementioned charge collector, and pressing the material concerned with the 2nd 
mold of the above. 

[001 1] According to this composition, compression molding can be performed, without leaving a foam to the charge collector 
material with which the interior of the 1st mold is filled up, since it is carrying out decompressing the interior of the 1st mold 
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at the first process. For this reason, the charge collector manufactured through the first process and a next process has neither 
ablation nor bulging. Moreover, although according to this composition high-pressure pressurization with the 1st mold 
becomes difficult when the 1st mold is used as a porous mold for reduced pressure, high pressure compression molding 
becomes possible by pressing charge collector material at two processes like this composition. For this reason, improvement 
in the restoration nature of a charge collector can be aimed at. 

[0012] The manufacturing installation of the charge collector for fuel cells of the 3rd invention In the manufacturing 
installation of the charge collector for fuel cells which presses charge collector material and manufactures the charge collector 
for fuel cells It is characterized by having a mold for fabrication corresponding to the configuration of the aforementioned 
charge collector, and having a compression means to press the aforementioned charge collector material with a described 
above ] type where the interior of a described [ above ] type is filled up with the aforementioned charge collector material, 
and a reduced pressure means to decompress the interior of a described [ above ] type at the time of execution of compression 
molding by the aforementioned compression means. 

[0013] According to this composition, the interior of a mold is decompressed by the reduced pressure means with execution 
of compression molding by the compression means. For this reason, compression molding can be performed, without leaving 
a foam to the charge collector material with which the interior of a mold is filled up. Therefore, a charge collector without 
ablation or bulging can be manufactured. 

[0014] In the manufacturing installation of the charge collector for fuel cells of invention of the above 3rd, the 
aforementioned charge collector material is the material containing a thermal-expansion graphite powder or a 
thermal-expansion graphite powder, a described [ above ] type can be equipped with the heights for forming a slot in the 
aforementioned charge collector, and the aforementioned heights can be further considered as composition equipped with the 
draught from which a taper angle becomes 10 degrees or more, and the tip section with the corner of an R 0.2mm or more. 
[0015] According to this composition, poor generating at the time of releasing from mold of [ at the time of using the material 
which contains a thermal-expansion graphite powder or a thermal-expansion graphite powder as a charge collector material ] 
can be prevented. Therefore, improvement in the moldability of a charge collector can be aimed at. 
[0016] In the manufacturing installation of the charge collector for fuel cells of invention of the above 3rd, the 
aforementioned charge collector material is a material which has natural-graphite powder and a binder, a described [ above ] 
type can be equipped with the heights for forming a slot in the aforementioned charge collector, and the aforementioned 
heights can be further considered as composition equipped with the draught from which a taper angle becomes 15 degrees or 
more, and the tip section with the corner of an R 0.3mm or more. 

[0017] According to this composition, poor generating at the time of releasing from mold of [ at the time of using the material 
which has natural-graphite powder and a binder as a charge collector material ] can be prevented. Therefore, improvement in 
the moldability of a charge collector can be aimed at. 

[0018] The manufacturing installation of the charge collector for fuel cells of the 4th invention In the manufacturing 
installation of the charge collector for fuel cells which presses charge collector material and manufactures the charge collector 
for fuel cells A 1st compression means to press the aforementioned charge collector material with the 1st mold of the above 
where it had the 1st mold for fabrication of a predetermined configuration and the interior of the 1st mold of the above is 
filled up with the aforementioned charge collector material, A reduced pressure means to decompress the interior of the 1st 
mold of the above at the time of execution of compression molding by the aforementioned 1st compression means, It is 
characterized by having the 2nd mold for fabrication corresponding to the configuration of the aforementioned charge 
collector, and having a 2nd compression means to press the material fabricated by the aforementioned 1st compression means 
with the 2nd mold of the above in the state where it set to the interior of the 2nd mold of the above. 

[0019] According to this composition, compression molding can be performed, without leaving a foam to the charge collector 
material with which the interior of the 1st mold is filled up, since compression molding with the 1st mold is performed by the 
1st compression means, decompressing the interior of the 1st mold, the [ for this reason, / the 1st compression means and ] -- 
pass 2 compression meanses -- the charge collector manufactured has neither ablation nor bulging Moreover, although 
according to this composition high-pressure pressurization with the 1st mold becomes difficult when the 1st mold is used as a 
porous mold for reduced pressure, high pressure compression molding becomes possible by pressing charge collector material 
by two compression meanses like this composition. For this reason, improvement in the restoration nature of a charge 
collector can be aimed at. 

[0020] In the manufacturing installation of the charge collector for fuel cells of invention of the above 4th, the aforementioned 
charge collector material is the material containing a thermal-expansion graphite powder or a thermal-expansion graphite 
powder, the 2nd mold of the above can be equipped with the heights for forming a slot in the aforementioned charge collector, 
and the aforementioned heights can be further considered as composition equipped with the draught from which a taper angle 
becomes 10 degrees or more, and the tip section with the corner of an R 0.2mm or more. 

[0021] According to this composition, poor generating at the time of releasing from mold the 2nd mold at the time of using 
the material which contains a thermal-expansion graphite powder or a thermal-expansion graphite powder as a charge 
collector material can be prevented. Therefore, improvement in the moldability of a charge collector can be aimed at. 
[0022] In the manufacturing installation of the charge collector for fuel cells of invention of the above 4th, the aforementioned 
charge collector material is a material which has natural-graphite powder and a binder, the 2nd mold of the above can be 
equipped with the heights for forming a slot in the aforementioned charge collector, and the aforementioned heights can be 
further considered as composition equipped with the draught from which a taper angle becomes 15 degrees or more, and the 
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tip section with the corner of an R 0.3mm or more. 

[0023] According to this composition, poor generating at the time of releasing from mold the 2nd mold at the time of using 
the material which contains natural-graphite powder and a binder as a charge collector material can be prevented. Therefore, 
improvement in the moldability of a charge collector can be aimed at. 
[0024] 

[Embodiments of the Invention] In order to clarify further composition and an operation of this invention explained above, the 
suitable example of this invention is explained below. 

[0025] First, the composition of the solid-state macromolecule type fuel cell 10 which used the charge collector manufactured 
by the manufacture method of the charge collector for fuel cells as the 1st example is explained previously. Drawing 1 is 
structural drawing of this solid-state macromolecule type fuel cell 10. As shown in this drawing, the solid-state 
macromolecule type fuel cell 10 is equipped with the electrolyte film 1 1, the cathode 12 as a gas diffusion electrode and 
anode 13 which are made into a sandwich structure on both sides of this electrolyte film 1 1 from both sides, and the charge 
collector 15 which forms the passage of material gas and fuel gas with a cathode 12 and an anode 13, inserting this sandwich 
structure from both sides. 

[0026] The electrolyte film 1 1 is the ion exchange membrane formed by polymeric materials, for example, a fluorine system 
resin, and shows good electric conductivity according to a damp or wet condition. Here, brand-name Nafion (Nafion) by U.S. 
E.I.du Pont de Nemours& Co. is used. The cathode 12 and the anode 13 are formed of the carbon cross woven with the thread 
which consists of a carbon fiber, and the carbon powder which supported the alloy which consists of the platinum as a catalyst 
or platinum, and other metals is applied to the front face of this carbon cross. 

[0027] The carbon powder which supported platinum is created by the following methods. Chloroplatinic-acid solution and a 
sodium thiosulfate are mixed and the solution of a sulfiirous-acid platinum complex is obtained. Stirring this solution, 
hydrogen peroxide solution is carried out under **, and the platinum particle of colloid is deposited in solution, next, the 
carbon black (for example, Vulcan XC-72 (trademark of U.S. CABOT) and a DIN - a turnip - adding a rack (trademark of 
DENKI KAGAKU KOGYO K.K.), it stirs and the platinum particle of colloid is made to adhere on the surface of carbon 
black) used as support Next, after separating suction filtration or the carbon black to which pressure filtration was carried out 
and the platinum particle adhered and washing a solution repeatedly by deionized water (pure water), it is made to dry 
completely at a room temperature. 

[0028] Next, after a crusher grinds the condensed carbon black, while returning the platinum on carbon black in 
hydrogen-reduction atmosphere by heating at 250 degrees C - 350 degrees C for about 2 hours, remaining chlorine is removed 
completely and the carbon powder which supported platinum is completed. Here, to the weight of carbon black, as the weight 
of platinum is set to 20 [%] (% of the weight), it is making. 

[0029] The charge collector 15 is formed with the carbon plate of the substantia compacta. Hydrogen content gas-passageway 
15b which two or more ribs prolonged the shape of a straight line and in the shape of a grid are formed in the charge collector 
15, and forms oxygen content gas-passageway 15a which makes the passage of the oxygen content gas which is material gas 
on this rib and the front face of a cathode 12, and makes the passage of the mixed gas of the hydrogen gas and the steam 
which are fuel gas on the above-mentioned rib and the front face of an anode 13 is formed. In addition, the manufacture 
method of this charge collector 15 is explained in detail a back forge fire. 

[0030] The electrolyte film 1 1 explained above, a cathode 12, an anode 13, and a charge collector 15 are the composition of 
the single cell of the solid-state macromolecule type fuel cell 10, in fact, two or more set ( drawing 1 2 sets) laminating of a 
charge collector 15, a cathode 12, the electrolyte film 1 1, an anode 13, and the charge collector 15 is carried out to this order, 
and the solid-state macromolecule type fuel cell 10 is constituted. In addition, the charge collector located in the joint of two 
cells which adjoin mutually equips one field with oxygen content gas-passageway 15a, equips the field of another side with 
hydrogen content gas-passageway 15b, and serves as the passage of the cell of both sides with one charge collector. 
[0031] The manufacture method of the charge collector 15 of the solid-state macromolecule type fuel cell 10 of such 
composition is explained in detail hereafter. In addition, this charge collector 15 is manufactured considering the powder of 
the thermal-expansion graphite manufactured as follows as a material. The graphite powder of the shape of a natural piece of 
phosphorus is prepared, this graphite powder is dipped in a concentrated sulfuric acid, concentrated nitric acid, a mixed acid, 
etc., and wet oxidation of the graphite powder is carried out. Then, if rapid heating of this graphite powder is carried out at the 
elevated temperature more than 900 [**], the distance between the layers in the crystalline structure of graphite will expand 
50 to 500 times, and the powder of the thermal-expansion graphite of bulk density 0.005-0.05 [g/cm2] will be formed. A 

charge collector 15 is manufactured by being made from this thermal-expansion graphite powder. m 

1 [T5032] Drawing 2 is the block diagram showing the cross-section configuration of the press fixture 20 as a charge collector 
manufacturing installation used for manufacture of the charge collector 15. As shown in drawing 2 , the press fixture 20 is 
equipped with the cartridge-like die 22, the punch 24 and female mold 26 which are inserted in this die 22, the upper slide 28 
which is fixed to a punch 24 and moves a punch 24 up and down, and the lower slide 30 which is fixed to female mold 26 and 
moves female mold 26 up and down. 

[0033] A punch 24 and female mold 26 are porous types (a pore diameter 7 [ about ] [mum], porosity 25 [%]) of sintering 
metal, and have the configuration of the press side corresponding to the configuration of a charge collector 15. That is, since 
the rib which constitutes oxygen content gas-passageway 15a and hydrogen content gas-passageway 15b is formed, the press 
side of a punch 24 and female mold 26 equips a charge collector 15 with the heights 24a and 26a for forming this rib. In 
addition, as shown in drawing 3 , the taper angle theta of a draught portion is 10 degrees or more (this example 20 degrees), 
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and R R of the corner of the tip section of these heights 24a and 26a is more than 0.2 [mm] (this example 0.2 [mm]). 
[0034] It connects with the move mechanism which is not illustrated and the upper slide 28 and the lower slide 30 move up 
and down. Consequently, the punch 24 and female mold 26 which were fixed at the nose of cam of the upper slide 28 and the 
lower slide 30 are pushed, and the thermal-expansion graphite powder set between a punch 24 and female mold 26 is pressed 
The breakthroughs 28a and 30a for degassing prolonged in the direction of a vertical axis are formed in the upper slide 28 and 
the lower slide 30, respectively. Vacuum pumps 32 and 34 are connected to both the breakthroughs 28a and 30a, respectively, 
and the cavity section surrounded with a punch 24, female mold 26, and a die 22 is decompressed by driving these vacuum 
pumps 32 and 34 from the punch 24 which touches the other end of both the breakthroughs 28a and 30a, and female mold 26, 
In addition, since it is a porous type as mentioned above although a punch 24 and female mold 26 do not have the 
breakthrough, reduced pressure of the above-mentioned cavity section can be decompressed from the whole front face of a 
^ pun ch 24 and female mold 26. 

Moreover, O rings 36 and 37 which seal the sliding section are formed in the upper slide 28 and the lower slide 30. 
0036] The manufacture method of the charge collector 15 using the press fixture 20 constituted as mentioned above is 
explained in detail below. Drawing 4 is a flow chart which shows the procedure of the manufacture method. As shown in 
drawing 4 , female mold 26 is first set to the predetermined position in a die 22 by moving the lower slide 30 up (Step SI 00). 
Here, a predetermined position is a position where the front face of female mold 26 comes to a low position a little from the 
lengthwise center of a die 22, and is a position shown with the dashed line of drawing 2 . Subsequently, the thermal-expansion 
graphite powder which is charge collector material is placed on female mold 26 (Step SI 10), and a punch 24 is set to the 
predetermined position in a die 22 (Step SI 20). Here, a predetermined position is a position where a thermal-expansion 
graphite powder is lightly put by the punch 24 and female mold 26, and is a position shown with the dashed line of drawing 2 

[0037] Then, a vacuum pump 32 and a vacuum pump 34 are made into an ON state, and reduced pressure of the cavity 
section surrounded with a punch 24, female mold 26, and a die 22 is started (Step S130). Then, processing which presses a 
thermal-expansion graphite powder is performed by moving the lower slide 30 for the upper slide 28 up caudad, and putting a 
pressure on a punch 24 and female mold 26 (Step S140). The state of the press fixture 20 at this time was shown in drawing 5 
. As shown in drawing 5 , the thermal-expansion graphite powder PW is pressed by a punch 24 and female mold 26. 
[0038] In this compression-molding processing, the pressure more than 2 [ton/cm2] is put. Moreover, in the midst of this 
compression-molding processing, reduced pressure of the cavity section between a punch 24 and female mold 26 is made by 
the vacuum pumps 32 and 34 which would be in the ON state at Step S130. Vacuum pumps 32 and 34 are operated so that the 
degree of vacuum of the cavity section at this time may become below the compressibility Px760 [ton*]. Here, compressibility 
P is broken by voidage before fabricating the voidage after fabrication. 

[0039] It returns to drawing 4 , and after compression-molding processing is completed at Step S140, vacuum pumps 32 and 
34 are made into an OFF state after that (Step SI 50), and the process of this manufacture method is ended. Consequently, the 
charge collector 15 equipped with the rib of the shape of a straight line which constitutes oxygen content gas-passageway 15a 

i and hydrogen content gas-passageway 15b is manufactured from a thermal-expansion graphite powder. j 

[0040] As explained in full detail above, in this 1st example, compression-molding processing by the punch 24 and female 
mold 26 is performed, decompressing the cavity section surrounded by a punch 24, female mold 26, and the die 22 with 
vacuum pumps 32 and 34. For this reason, compression molding can be performed, without leaving a foam in the 
thermal-expansion graphite powder which is charge collector material. If a foam remains in material conventionally, although 
the foam more than the atmospheric pressure confined after unmolding and in the interior of a Plastic solid expands, a front 
face will blister or a Plastic solid will exfoliate in layers, since compression generation can be carried out without leaving a 
foam as mentioned above, the charge collector 15 without surface bulging or ablation can be manufactured. 
[0041] Moreover, improvement in pressurization speed can also be aimed at by performing compression molding, 
decompressing, as mentioned above. Consequently, the effect that the forming cycle time can be shortened sharply also does 
so. 

[0042] Moreover, in this example, as mentioned above, when the compacting pressure has become more than 2 [ton/cm2], 
Plastic-solid density will be in a saturation state mostly, and as shown in drawing 6 , a value also with good flexural strength 
is shown. 

[0043] The 2nd example of this invention is explained below. The forming method of the charge collector 15 used for the 
solid-state macromolecule type fuel cell 10 is different from the 1st example about the fuel cell of the composition as the 
solid-state macromolecule type fuel cell 10 of the 1st example with this 2nd same example. 

[0044] The manufacture method of the charge collector in this 2nd example fabricates by the pressing operation of 2 times of 
the pressing operation of the 1st step of low and the 2nd step of pressing operation with a high compacting pressure of a 
compacting pressure comparatively rather than is fabricated by the pressing operation of 1 time like the 1st example. 
[0045] Drawing 7 is a flow chart which shows the procedure of the manufacture method of the charge collector of this 2nd 
example. As shown in drawing 7 , the process of this manufacture method is equipped with the 1 st step of pressing operation, 
and the 2nd step of pressing operation. If processing is started, first, it will move to the 1st step of pressing operation, and the 
1st press fixture used by the 1st step of the pressing operation will be prepared (Step S200). Although the state where used 
this 1st press fixture 310 for drawing 8 , and press compression of the thermal-expansion graphite powder PW was carried out 
was shown, as shown in this drawing 8 , the 1st press fixture 3 10 is the almost same composition as the press fixture 20 used 
in the 1st example, and is equipped with a die 322, a punch 324, female mold 326, the upper slide 328, the lower slide 330, 
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and vacuum pumps 332 and 334. The press side is not a thing corresponding to the configuration of the charge collector 
which it is going to manufacture like the 1st example, and the point which is different from the press fixture 20 of the 1st 
example has a punch 324 and female mold 326 in carrying out the configuration of a mere flat surface. 
[0046] The 1st press fixture 310 of such composition is used, and Step SI 00 of the 1st example or the same processing as 
SI 50 is performed. First, female mold 326 is set to a predetermined position (Step S210), the thermal-expansion graphite 
powder PW is placed on female mold 326 (Step S220), and a punch 324 is set to a predetermined position. Subsequently, 
compression-molding processing is performed, making vacuum pumps 332 and 334 into an ON state (Step S240), and putting 
a pressure on a punch 324 and female mold 326 (Step S250). 

[0047] in addition -- this compression-molding processing -- the pressure below 2 [ton/cm2] -- the pressure of 0.5-1 [ton/cm2] 
is put preferably in addition, the degree of vacuum of the cavity section decompressed with vacuum pumps 332 and 334 ~ the 
1st example -- the same -- it is carrying out to below the compressibility Px760 [ton*] 
[0048] As a result of the 1st step of pressing operation from Step S200 of this composition to Step S250, the 
thermal-expansion graphite powder PW is pressed and the forming board of a monotonous configuration is formed. 
[0049] After the 1st step of processing of a pressing operation is completed, subsequently to the 2nd step of pressing 
operation, it moves and processing which prepares the 2nd press fixture used by the 2nd step of the pressing operation is 
performed (Step S260), 

[0050] Although the state where used this 2nd press fixture 410 for drawing 9 , and press compression of the 
thermal-expansion graphite powder PW was carried out was shown, as shown in this drawing 9 , the 2nd press fixture 410 is 
equipped with a die 422, a punch 424, female mold 426, the upper slide 428, and the lower slide 430. This 2nd press fixture 
410 presses the material inserted into a punch 424 and female mold 426 by the point which is not equipped with the 
composition which decompresses cavity circles being different as compared with the press fixture 20 of the 1st example, and 
moving the upper slide 428 and the lower slide 430, putting a pressure on a punch 24 and female mold 26. 
[0051] In addition, a punch 424 and female mold 426 are rigid precise high metal mold (for example, mold made from SKD), 
and have the configuration of the press side corresponding to the configuration of a charge collector 15. Although there are 
heights for forming a rib in this press side, like [ these heights ] the 1st example, the taper angle theta of a draught portion is 
10 degrees or more (this example 20 degrees), and R R of the corner of the tip section is more than 0.2 [mm] (this example 
0.2 [mm]). 

[0052] The 2nd press fixture 410 of such composition is used, first, female mold 426 is set to a predetermined position (Step 
S210), subsequently the board fabricated with the press fixture 3 10 of the above 1st is placed on female mold 426 (Step 
S220), and a punch 424 is set to a predetermined position. Consequently, the forming board will be in the state where it was 
lightly put by the punch 424 and female mold 426. Subsequently, processing which presses the above-mentioned forming 
board, putting a pressure on a punch 424 and female mold 426 is performed (Step S250). In addition, in this 
compression-molding processing, the pressure more than 3 [ton/cm2] is put. 

[0053] The charge collector 15 equipped with the rib which constitutes a gas passageway is formed by pressing the forming 
board obtained by the 1st step of pressing operation as a result of the 2nd step of pressing operation from Step S260 of this 
composition to Step S295. 

[0054] As explained in full detail above, the 1st step of pressing operation is performed in this 2nd example, decompressing 
the cavity section surrounded by a punch 324, female mold 326, and the die 322 with vacuum pumps 332 and 334. For this 
reason, compression molding is made, without leaving a foam in the thermal-expansion graphite powder PW. Therefore, the 
charge collector 15 without surface bulging or ablation can be manufactured like the 1st example, further, pressurization 
speed can be raised and shortening of the forming cycle time can also be aimed at. 

[0055] Moreover, in this example, high pressure compression molding becomes possible from fabricating by the pressing 
operation of 2 times of the pressing operation of the 1st step of low and the 2nd step of pressing operation with a high 
compacting pressure of a compacting pressure comparatively. That is, the punch 24 and female mold 26 which are used for 
the 1st press fixture 310 can realize high pressure compression molding like this example by performing high-pressure 
pressurization more than 3 [ton/cm2] by the 2nd step of pressing operation, although the pressurization more than three 
[ton/cm2] is difficult on rigidity [ be / a porous type / it ]. For this reason, the good charge collector 15 with which it filled up 
enough to the nose of cam of a rib can be fabricated. 

[0056] In addition, although there are heights for forming a rib in the press side of a punch 24,424 and female mold 26,426 in 
the 1st example of the above, and the 2nd example, as these heights were mentioned above, the taper angle theta of a draught 
portion is 10 degrees or more (this example 20 degrees), and more than 0.2 [mm] (this example 0.2 [mm]) has been R R of the 
corner of the tip section. By this composition, poor generating at the time of releasing a charge collector 15 from mold can be 
prevented. Therefore, improvement in the moldability of a charge collector 15 can be aimed at. 
[0057] As for R R of the taper angle theta of a draught portion, and the corner of the tip section in the above-mentioned 
heights, the desirable size is different with the material of a charge collector 15. That is, a desirable size is different like the 
1st and 2nd examples with the material using the thermal-expansion graphite powder, and the material which added the binder 
to natural-graphite powder. Moreover, the desirable size is different with the kind of passage slot which is going to fabricate 
the above-mentioned taper angle theta in the above-mentioned heights. Namely, as for the above-mentioned taper angle theta, 
a desirable size is different with the case of the straight slot which consists of straight-line-like ribs like the 1st and 2nd 
examples, and the case of the grid slot constituted by putting the heights of a cube configuration in order regularly in all 
directions. 
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[0058] Based on the above relations, the desirable taper angle theta and desirable R R in each **** were shown in the 

following table 1 . 

[0059] 

[ Table 1] 













1 OEJrJLh 


i 5gjy_t 


mm 


1 5gJU± 


2 0g*JUb 




0. 2JU_k 


0. 3£Lk 



[0060] By using the punch and female mold which fulfill the conditions shown in this table 1, as mentioned above, the charge 
collector excellent in the moldability can be manufactured. Moreover, using such a punch and female mold improves the 
restoration nature of the rib section of a charge collector other than improvement in a moldability, consequently it contributes 
also to improvement in the buckling strength of the rib section. 

[0061] About the charge collector which changed and manufactured the taper angle theta of the draught portions of the punch 
424 of the 2nd press fixture 410, and female mold 426 using the method of compression molding shown in the 2nd example, 
since the amount of bending of the rib when pressing by planar pressure 40 [kg/cm2] was measured, the result was shown in 
the graph of drawing 10 . The passage slot which charge collector material at this time is made into a thermal-expansion 
graphite powder, and the compacting pressure by the 1st press fixture 310 sets the compacting pressure by the 1 [ton/cm2] 
and 2nd press fixture 410 to 3 [ton/cm2], and is formed in a charge collector 15 was used as the grid slot of every direction 1 
[mm] width of face. 

[0062] If the taper angle theta becomes 15 degrees or more when charge collector material is a thermal-expansion graphite 
powder and a passage slot is a grid slot, as drawing 10 shows, the amount of bending of a rib will become small rapidly. 
[0063] the material which added the binder (thermosetting resin) [%] 10 to natural-graphite powder charge collector 
material - ** - it carried out, the charge collector was manufactured by the same method (only the compacting pressure by 
the 2nd press fixture 410 was changed into 1 [ton/cm2]) as the above-mentioned example, and the amount of bending of the 
rib when pressing by planar pressure 40 [kg/cm2] also about the charge collector was measured Drawing 1 1 is a graph which 
shows the measurement result. 

[0064] Charge collector material adds a binder 10 [%] to natural-graphite powder, and if the taper angle theta becomes 20 
degrees or more when a passage slot is a grid slot, the amount of bending of a rib will become small rapidly, so that this 
drawing 1 1 may show. 

[0065] These test results shown by drawing 10 and drawing 1 1 prove that the charge collector which excelled [ use / the 
punch and female mold which fulfill the conditions shown in Table 1 ] in the buckling strength of the rib section can be 
fabricated. 

[0066] Although some examples of this invention have been explained above, as for this invention, it is needless to say that it 
can carry out in the mode which becomes various within limits which are not limited to such an example at all and do not 
deviate from the summary of this invention. For example, it is good also as composition which manufactures the charge 
collector which changes to a solid-state macromolecule type fuel cell, and is used for a phosphoric acid type thing or a 
melting carbonate type fuel cell. 

[0067] Moreover, it is good also as composition using the material which changed charge collector material to the 
thermal-expansion graphite powder, and blended thermosetting resin with the thermal-expansion graphite powder. When 
performing two steps of pressing operations shown in the 2nd example using the material which blended thermosetting resin 
with this thermal-expansion graphite powder, in the 1st step of pressing operation, heat-treatment is not given, but is 
heat-treating by the 2nd step of pressing operation, and is made to harden thermosetting resin. 

[0068] Furthermore, a punch 24,324 and female mold 26,326 are changed to the porous type of sintering metal, and it is good 
also as composition using the porous type made from ceramics. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 11 It is structural drawing of the solid-state macromolecule type fuel cell 10 which used the charge collector 
manufactured by the manufacture method of the 1st example. 

[Drawing 21 It is the block diagram showing the cross-section configuration of the press fixture 20 as a charge collector 
manufacturing installation used for the manufacture method. 

[Drawing 31 It is explanatory drawing showing the configuration of the heights formed in a punch 24 and female mold 26. 
[Drawing 41 It is the flow chart which shows the procedure of the manufacture method of a charge collector. 
[Drawing 51 It is the block diagram showing the cross-section configuration of the press fixture 20 in the state where press 
compression is performed. 

[Drawing 61 It is the graph which shows the relation between a compacting pressure and the flexural strength of a charge 
collector. 

[Drawing 71 It is the flow chart which shows the procedure of the manufacture method of the charge collector of the 2nd 
example. 

[Drawing 81 It is the block diagram showing the cross-section configuration of the 1st press fixture 3 10 in the state where 
press compression in the 2nd example is performed. 

[Drawing 91 It is the block diagram showing the cross-section configuration of the 2nd press fixture 410 in the state where 
press compression in the 2nd example is performed. 

[Drawing 101 It is the graph which shows change of the amount of bending of the rib when changing the taper angle theta of 
the draught portion of the heights of a mold about the charge collector manufactured from the thermal-expansion graphite 
powder. 

[Drawing 111 It is the graph which shows change of the amount of bending of the rib when changing the taper angle theta of 
the draught portion of the heights of a mold to natural-graphite powder about the charge collector manufactured from the 
material which added the binder. 
[Description of Notations] 

10 -- Solid-state macromolecule type fuel cell 

1 1 - Electrolyte film 

12 -- Cathode 

13 -- Anode 

15 -- Charge collector 

15a - Oxygen content gas passageway 

15b - Hydrogen gas passage 

15b ~ Hydrogen content gas passageway 

20 -- Press fixture 

22 - Die 

24 - Punch 

26 -- Female mold 

28 -- Top slide 

28a, 30a Breakthrough 

30 -- Bottom slide 

32 34 - Vacuum pump 

36 37 -- O ring 

310 -- 1st press fixture 

322 -- Die 

324 -- Punch 

326 -- Female mold 

328 -- Top slide 

330 -- Bottom slide 

332 334 - Vacuum pump 

410 -- 2nd press fixture 
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422 -- Die 
424 -- Punch 
426 -- Female mold 
428 -- Top slide 
430 -- Bottom slide 
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Abstract 



PROBLEM TO BE SOLVED: To manufacture a good quality collector on which separation and a swelling 
are not caused by performing compression molding without leaving bubbles in a material. 
SOLUTION: Thermally expansive graphite powder PW being a collector material is set between an upper 
die 24 and a lower die 26. Afterwards, vacuum pumps 32 and 34 are put in an ON condition, and pressure 
reduction in a cavity part surrounded by the upper die 24, the lower die 26 and a die 22 is started. Then, an 
upper silde 28 is moved downward, and a lower slide 30 is moved upward, and pressure is applied to the 
upper die 24 and the lower die 26, and compression molding is performed on the thermally expansive 
graphite powder PW. In this way, the compression molding is performed while reducing pressure from the 
cavity part, and a current collecting body is formed. As a result, the compression molding can be performed 
without leaving bubbles in the thermally expansive graphite powder PW. 



Data supplied from the esp@cenet database - 12 



ci9>h*hwot (jp) 02) & Oft & fft & Wi (a) (lommmammn 

#W¥10-40937 

(43)£WB WclO¥(1998)2fll3B 



1 \ T J. ^"*» ft 

(51)IntCL 




F I 




HO 1 M 8/02 




H 0 1 M 


8/02 Y 








*g»2R W*«<0»8 FD (£10 M> 


(21)tUH## 


ftH¥8 -209228 


(71)WiaA 


000003207 










(22)fflHB 


¥fS8*P(1996)7£180 










(72)«W# 


mm 






















(74)«31A 


#a± s+h (^3«) 



(54) gb^©**] mmm&&<tow&s&%ZTm&m 



(57) [Sft] 

] ±M24tTM26i: Oia(Cft«#tm 

7*3-2 ... 3.4 -LS2 4, TS2 6& 
«kW>f 2 2 TB£ftl> t 'f 4 U<r>WE£ Mb 
th. WS^X, ±.Xy4 K2 8£T:frfc v .TX7-< F3 

•otjiwcswuT, ±S2 4fcj:t^ra2 6tffi^^ 




(2) 



<ftffl¥l 0-40937 



mmi] m^mtmmmcommmz^mi 
mm. 

im%2] mmmtmmsmixmm&mco. 
m# zm? h mmmmmmmmiz a 

mmmuwmuzftm ucfmm^m 2 nmwfi mz 
ffieigfcj: mm^timm^mLx\m^2o 
MIZ& 0 mm ZBmmi-& ztizx*). next 

61112: ; b tUBtitsPlii! 
' [M*83] Ilfttffl^EEWLTIiffltiM 

tui^tmmwm&EM ucvrnximmiz i 0 
meE.mmz£&mm<7)$m£nz. memnft® 

miem«<*«p« . mams®®* t, l < tt&mg&g} 
mma. mmmmzMzmf8.??>fz#>e>C}$zffi 

0. 2mmJSU:07-A^«*»c«J|«i:t«|i* 

cm** 5 ] mm 3 ie«towifs?i!!fflmm*oi?ji 

twWi 5&&±b%lik$.l*>b. 

0 . 3 mmJ^»7-A^»*»oSWWfc £tft*S 



litriBSB 1 ^^l^fc^«Lfc«lll'CttlE» 1 tffflfc J: 

mmi&mmzxhmm<ommz, mmi 
mmmw&thm&fkb " ■ . 

*>rt«C-t * h t^«SST'|iriaS2<0SteJ: 9flEflti&{* 

-iWBMWwmtt. fmmm*hi<\imm®. 

0. 2mmJiLLrtr-/U9a$£^£^fc£ffi*S 

1 mm 8 ] mm etm^mmmmmmm^mk 
mxhnx, 

mmmmtmit. ^mm®s*b*4>yifrtm 
mx-m. 

m&&2(7)mte. mm%mzmzi&f&-t&tz#><7)m 

0. 3mmJ^©r-il^»fe»o55«»tt<|i4 
[0 00 1] 

[0 00 2] 

'.['as****} . mzmlxUhxifai 

'tiixKi.mtmt* mmz&A,x—tt 
wn&WMti bbtiz. -■%<r>w&<n$imz*im 
am*#AZ9Mzit; ttzmno&emmzmkt: 

tzoizix^z. mmmmt. mwzbmteux 
x*^sntv^n osv^tm^x^df six 0 

ititZbtfX'ZZ. 

[ 0 0 0 3 ] b z bx\ z 0 itztmmmt, mm 
b-mmbfrbz&m£#zmmm?&zbx\ 



(3) 



WBTl 0-40937 



T. «ft(Offi^Mcfrldlft«t«WB{: I/O*. 
[ 0 0 0 4 3 £ 3 Ifc&mttt*, JftMMttfctmi: L 

.iblHtSil* dWBB59-7556-2#&*> . £ 
C0005] 

im*m&i*ot?mm bzbx\ i«*co 

KHMIBa: K»v*tt*^fc<0?**£i:jte6. 'fit: 

[00063 ;^%Bflco«ms«wm«ft^^jt^sii 

[00071 

[00083 81 WJ«ifSf€?fifflmm^8!!3t*ft 

[00 0 93 £*>«RfcJ:*itf, SiCfc&EElBl&g*, 
[00101 »2C0HHfl^ip(«?fifflm«f*O»!jt^ 

at* «m^&tttoHit2tt t & v vc . wjg^tt 
nmbmm i ^^«(cne««fictmfr l 

mixtzm&itmix . nen2^s[c-j:ostttm 

tiffitiztzmLkix^z. 

(ooiii znm&tttM. moimx-% i m. 



k4r*. iotMtfcito*. »E*>fc*>te»i«) 
*>Jllfl£*<H«fc**0 t , £tf>1***)J:3fc2o4>ISe 

ZbtfX'tb. 

[00 1 23 m3wwmmmmw*0M&m. 

ft<m#izttmit:mm<?>mffii. ncMMmm 
immnmizftmitzmx-mmizx <omm& 
mtmEmmtzmz®b. voB&mzti 

bZffithZbtftmblX^Z. 

[doi33 zeommzxtiii. m^mzz&sms. 

&. z(Dtz#>. woftmzytmztimmibttmiztm 
m-tzb%<Emimzfi%ozbti t x'$z. L£*< 
ot, mm^mti^^mmmm^t^zb^x'^ 
*. . ' 

[00 1 43 ±i^30?&HJ!c^$mMm*OlBt 

mgOAtli, r-^°ft* { 10Sm±t=Srl»gc§L^J:, 
0. 2mmV±t<D7-fr(7>ftmn^mi&b&ffit& 
mtiLb-S-hZbtfXth. 

[00153 zcnmmziiinf. %mm®b txm 

ZbtfX'%&. 

[00163 ±s&3<»mpmftwmmw&mik 
mwiz&ux. mzmmrmt. mtmBtmtw 
yyzGt$>ttmx'b<o. neau. ttriemm*^?- 

5«Ohk**ft*U*fc. 0. 3mmm±0 

[00173 zommzxtitt. mtrntnt ix^m 
mms^b^yyi^-thnmrn^m^zmh 
$mtm<r)T-&m<£m±tizbtfX'$z.. 

[00 1 83 *4tm&m&wim*wi&mtMt 

commm lv&tmi* Mimmtmzmm i 
<oi!ortaitc^«Lfe«Jis-c«ine^ i oat j: oitriem 
sf«t^*E«ifi)a^rs®iffi(a¥Si:, Mamies 



(4)' 



#(^10-4 0 9 37 



# at- i &Ems.B?>m?Tmz. mm 1 <nw.<rm%fe 

[ooi9] £o«wuc jfitf, m i Emmizx o . 
fftmic«is«w-£ t &< mmzft * a £ k a*? 

S*. fflSn^gU)J:t^lS2£BII¥IS&8 
XWtZtilMMmt* *M*Kfitf>*v*fc*>i:?5r*. 

5x&Kk Lfc*^ -e^SI l tffiffeMBEftf 
. ffl3tk&6#. ZVtMiMi diZ2^cr>Sm^mtX 0 

ZbtfX'tZ. 

[0020] ±12^4 a^a^tt»JBJ»#affig. 

sit. inaRii[#cfli*»*^*fcfe<o£M»*«i. s' 

^k. 0: 2mmJa±<OT-/UOftaS2:fipo5ei8SSi:Sr. 
[0021] i««jiElcJ:*itf. ftmtttfflk LTIMB 

mitt izbtpvtb. Ltitf^x .. 

[0022] ±m$A<mw<nmmm%%mm. 
mmza^x, mKMMmmt. zmmmbJU 
yyittitrnvM. frieiR2asii. msmw* 

izmmt&tcibnm&ffii. s^t; stneflg? 
(4. r-jvufii 5m±.bzimi*>t. o. 3m 

[0023] i»«WWc J: Wjf MMmmt LT3c«. 
2 coMSrf5li!1-i,^^<o||4S: RfciktS i k ** 

[0 0 24] 

[00 2 5] *r. Sl&iMU: LT^»4^i!lffi«m 

frf-mtmw&i oommz^xfazmw-rz. 
a. z^m^^mmmmi ommx'hh. z 



ski it. -r^miBfriyti i*mmfrt>&/txir>b' 

4 v^Wlkt-thfiAWmmb LXMiV-Yl 2t5 

. «ttf7y-Fi3k. zm*Y4 v+m&kmfab. 

m&^ti 7- H 1 2 SXVTS- b' 1 3 k Tflfltf* 
J:tfl»#X08W£»«-*-*»*#I 5 k HI* 

[00263 wmm i ui. *$h?*m, 7 7 

»TJ»ff5Sr«JHW»tttji^. ^T(i. #fflE. I.r 
jL^ttgi<7)ffi^&^7-f^y (Nafion) fcttflW 1 *.. 
*V-H1 2fcJ:Vry-Kl 3(4. KSttlt*>6£* 

m-xytuxffmmzit. mmbixcr>&&&tdt 

[0027] &&£S8 US*-#f»H;»W> j- 3 

&xm%tix\*i. m&&®mmbi-*mi-b 

"kii^-jKy^-y^ -(flitfVu 1 can XC- 
7 2 (*fflc7)CABOTtt<7)ffig) ffW/Jv? 

*fcjs»*«gi*a*fci4jiiiE*jiUTa 

[00 28] W6Ufc*-Jlfy^'5-s'^*»lWS 
T'ffiftUcfjL *Sii7C#H^4»T'. 2 5 0X;-3 5 0 
1 CT'2^mtiPSft-ri»ik(CJ: , 9. *-^7 7? 

iT'(4. ^~^y7'5-y^Ofi4(^L.Ta^mfi*< 
20 [%] (Sfi%) fcfcWSfcVCMflsLXV**. 
[00293 mmf* 1 5(4. ttWtO^->|f yri^- h 

.wbaws^rv^.. mufti stca, mtttfetv* 

^btv-b^ 2e>mbxmmzx%&m;tttf 
zomz %twm$ii#xtim i 5 a t u * 

^fg^xk *^k<7)S-&^^)5SKS-^t *Mf#^ 
^a»l'5b*»«f-6. 5<7)SS3S 

[0030] JSLfcKW LJt®g»IS 1 1 . * y- H 1 

2. ry->* 1 3fci^mmfri sffmrnftTWum 
mm i oo»— i:/i^>i«jaT* o . ni£H=i4. sm* 1 
5. *y-Hi2. mmmi 1. ry-ni3. mm 



(5) 



tfHWl 0-4 0 93 7 



sroBHciBftMr^aaR i 5 a . m<miz*. 
.JMrtrxr^susi 5b£fii*.&t<9T\ -o^&mffcr 

[ o o 3 i ] i 3 imtiLcomHh#?wmim& i o 

5<0SU&fri££^UT, J21T. BKRW 

5. *tj, i«*1l*l5tt,.««)J:.3fcLTWBS*L 

i. f«a, i^niTO*Sr 9 o o [°c] ja±o«ia-p 

5 0-5 0 0«fc«WLt,'WIP*0. 0 0 5-0. 0 
5 [g/cm* ] ^»JSIIirp l O^*^fig$tLl,. Z 

nmm&%&i£ti®t Lx&mw 1 5#?iBi£ix 

[0032] H2J4. *tf«fe««cl 5c0gjtt:ffiffl§tl 

K-tffitimX'h h . ■ H 2 {^t<J: 3 fc . 7V*&& 2 0 
tt. H5»#?)?WXl!2 2i:, ZC0?4 *m2 2fil,Z& 
A$fll»Jba2 4fcJ:tA'TS2 6fc, ±g 2 4 
fi_LS 2 4 *±TCSIW-* -t* 7 4 K 2 8 1 , TM2 
6tH^§nTM2 6Sr±Tt#«rtl.TA7-f K3 0 

[0.0 3 3] ±S24fci^TS2 6ii. ffig&gKa 
•#-5*S (&fl&**j7 [jum] . §tfl*2 5 [%] ) 

lt^s. &m#i sen. Bflf*wxrxa»i 
5a; *^^x8gss 1 5 b £«§j£-r *> u 

a, 2 6aSrJ^2 4ijim r a2 60ffffffi(±fii^ 

6. fca..H3Jcjjc*-J:dtc, £^0»2 4a. 2 6a 

area 2 o«> t» o . se«aw>ft»<or-/i'R*« o . 

2 [mm] fill: (Z<rmmX'\$0. 2 [mm] ) TJ> 
[0 0 34] ±Xy4 V2 8t5j:tfTXy-4 K3.0J4, 

h. £*0tSJRv ±*5<f H 2 8fc JOT*?'* H 3 0W 

mizm^tvk±M2 4t3xmm2 6itw^nx. 

±M2 4 tTffi2 6 tOlBfc-by KSti£SHKUBffi» 
5taft»ffi»8«3'*i4. ±*54 F 2 8^1^*94 H 

3 0ttt, ffiEffctrisifc@^i)xrS:^ffl<oKa5i2 8 

a, 3-0a#*tlWmt>tlX\*&. MKil?L2 8 
a , 3 0 afcJi. *S#y7"3 2,34 ff-efl-filiga 
SftTtJOi ;n^.I2^yT32, 3 4£»f 6.1 
fcT, PW3§?l28a, 3 0 aOfN(C&-*-£±S'2 4 
£J:trFl!2 6fr&. ±52 4. T£2 e&Jtfj^f* 
S2 2.TB£*U*YtT-r85£$ff-f£. &*5. ±S . 



2 4 JOTS 2 6(4. JBi?Lfc#l/Cli^$rv^ tt 
.aUfc J: 3 teK-5*fflT*$£ tfrty. ±IB*-\> t'f- 
*«*»HEIi; ±S2 4:fcJOTIi2 60flffl£#a>£> 

[0 0 3 5-j'ifc. K2 8i>JOTX74 H3 

o tea. &ttS£a£tt-*<o y y/3 6 . 3 7awH 

[0036] &±*> j 3 fc«WiS*lfc7 , U.Xiftft 2 0 £ 

04 li. *«KJ6ftifi«)#JBSSt-7a-f--v- 

• JJEr(£B«M-4 £ i: fc J: 9 , Tffl 2 6 XI! 2 2 rt 
«)Bi«fflflUc-fev h-TS (Xf77S 1 0,0 ) , ZZ: 

WM4BKTS2 6c0«> { < I. J: 3&ffiBT\ 122 
mj&^TS^ffirc**. Tffi.2 6tf>±fc 

A^f*^1EfT'Al.f8^3gMm*S-a# <Xf"y7S 1 
10), 1M2 4 t^-f XS2 2 rtOHrjefflUfc-te -y h 
(XT77S12 0) . iiT,-HfSfflaittt. )K 
KMffi»$)b ( ±a2 4 b TM2 6 fcT"ig< ^Ji^fl 
SJ:3^<2MT% 02<Ol^fiHT'SrrttSt*S)S. 
[0037] *CDtfc, KStevr 3 2£ J:tf Jt&PVT 
34^y«U/ii24 > Tffl2 6*»J:l) f ^ 
^S2 2 X'W&Kh* * t'f -f a5<0^£E$rlBtt-r 6 ( * 
T77S130) . av'vr, ±X7^f H28*T»K, 
T^5-f h'3 0$r±*fc^ijUT. ±M24t5£VTW. 
. 2 6 fcflE* C b iz X 0 , 2Wllt8^*^ffi^ 
fiWSJaBISrllfftS (XT77S140) . Z<Db 
§corP^ft2 0<7)*t^5:H5tC^L^. 05 1*^ 
J:3t. sap3gHIS1»*PW{4. ±i! 2 4 is JOTS 2 

[00 38] i<?5ffi^^«ST'J4, 2 [ton/c«* 

tc{4 % Xf77S 1 3 ox-ity^mb^-ytzW^yr 

32. 34t±t3±S24feJ:^TS26Stf0df + tx 
KSSfi. JEEWPX7-6 0 [torr] OTfc&SJ: 3 

fc:; *s^^r3 2, 34i4ass*irvVi-. ici-e. 

■[0 03 9 3.H4tH9. Xf77S 1 4 Ot'. £BSS^ 
J$«yi#fc7-r6 1 . -E-O^, 3 2 , 3 4 £ 

*7$mb L (i-x-yTS 15 0), Zcr>Wl&j&(?)JL 

5^J)5SM4S»**>fei8ji$fLS. 
[0040] L^J: 3 1£. ZV>m 1 WlflftC. 

±S2 4, Ti!2 6fcJ:tf:MxS2 2£Ha*l.!> 
**t'T<&ZM2f#y73 2. 3 4T^EL-50 N J: 
S2 4*3 JOTS 2 6 tzj; SEiiafi»a^ 'ft%~>X^ 
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*, mmz&mm&b. mm. mmmzmt 

VMhfz 0 , mmzMMLK ±3&>X o t* 

ft £ »■*■ £ b & < ffilteJftt ft £ i £ ft £ i , 
. £9faK*ri4m<0&V*«# 1 5 £S3>ttft Z b tfX' 
**. 

[0 04 1] ±JfiLfcJ:3t=jSBELoofflBBK» 

ft. £«*S*, *^f?**-fAfc*lK:jrarc*4 
fcn$»Jlifc#rft. 

[0 04 2] ifc. £«>SBtffr«i. _ti*LfcJ:3fcj£ 
JftE^te, 2. [ton/cm* ]iX±.b^X^hZb\zX 

[0043] *»IH««I2 jlJIWteov^T, ft»Jit 

' ft. ioi2Hit«ii > ^liiM^HM^sam 

Ctt 1 0 i: |§1 MftjftaflfflVfflfcOT I. i>OT\ *<7)H 
***H ! ffl*f«i8l 0(c«M8*iftft«ttl 5<6j&B 

mtmimmmbm-tz. 

[oo44] znm2mm^»i*wwtBt)j&- 

It. mi gt&MOJ; o (c 1 S^fflglSWSOT 
ii&.< , fmElXQimm^ l ftiaJBBiafc JOB 

ffi&ofcv v2 s a offima'fc *> 2 **>iari:«?j*» 

£ff&3i<DT*&ft. 

[ 0 0 4 5 ] H7»i. c ^>«l 2 SKtt0f^>m«f*H^>aUfcfir 

znmMtm^xmt. im<r>smmb2m 
(osmiMbmn. mmmtihb. t-r.. 1 
mwEffixnizm. toimiommzmx-mi- 

Z>miC0T\sZfeM ! Zmmt& (XT-yrs2oo) . 
H8£, i<omi<07-l^X^3 10S:fflV^»5SII 

8fcjfrf Ji$fc, mi WTUZfeM:3 1 012, JRllitl 
« : CfiWBLfc7ru^*ftR2 0 4:«B:3tfllttT. 
S322. ±M324, TS326, ±X?4 K32 
8. TXy-i F3 3 0fcJ:tm2tf'>'7 , 3 3 2, 3 34 
Srflteft. mi^ig^7-UX^2 0tffl»ri.^i 
tt, ±S3 2 4t>J:trFS3 2 6*^ -f-OffEEtfSSl 

^jfitaj^i oizmmix o b-thmmomuzftfoi 
Ki>co?te%<. ms:h*¥-m<nm&ix^hzb\zh 
ft. 

[ 0.0 4 6 ] Z a UfcflftR»» 1 <07"UX^3 1 6 £ 
i&BLT, Hl^Jft^Xr'yTS 1 0 0&HLS 1 5 

obmm^imim^i-i. sr. TM3 2 6S-^(i 

at-fe-xKU (X-r-yTS2 10), ,«3HM*P 
W&TS3 2 6«0±(CS& (Xr-y7-S2 2 0) , _tg 
3 24 -tUfjefilflKc-b-jf h-f ft. &W£\ K£*yr3 
32, 334&>r>«.WcL (Xr<y 7-S240) , ± 



M3 24fcJ:inFI!3 2 6(CJEft**>»tTE«aaa!ia 
*$&rt& (^f-y/S 2 5 0). 
[0047] &i>, CcOffiffi^gXra-Cli, 2 [ton/cm 
2 ] BTF^flEA, 0£L<{J:, 0. 5-1 [ton/cm* ] 
?)flE:fraW£>ixft . &i>, M^yy 3 3 2, 334 

t* ffi®$Px760 [torr] irRcLT.^ft. 
[0048] frfrhm&<n?.'r~/7'S2Q0frbXT- -v 
7*S 2 5 0 £T'£> 1 asaffinxSattft. ajJSiHIS 
fi*PW*«JEIBiS»StLT. TOB^&MKtfffiftS 
ftft. 

[00493 1 mnmfcmntimtfmth t , & 
ut, 2 gtsaffinxstcB o, -eo2 as vEmm 
x'®mth % 2 cor uxfe&zmm? * aafcfr % o 

(XtvTS260) . 

[0050] ffl9tZ. £aNt207VXftA4 1 QS-ffl 
v^TS®5SHI8^*PWSr}fffiE«|tTV^^S-^L 
dOH9^t J:3lw, JK207l/Xi6ft4 10 
ii, ^XS4 2 2, ±S4 24, TS4 2 6, 1^7 
'4 F4288J:tn r *9-f K430*«;U. i^2 

or^^4 i oii, migMmnrvxTh^ob 

U H4 2 8fc«J:l>TX5'f H4 3 

Ot&mthZblzX*). ±SL2 4 t5*VTm2 6 

-±ffi4 2 4ii5j:tn r M4 2 6te***lfefl: 

[005 1 ] ±S4 2 4fc«ttTFa4 2 6{i, PR' 
tt<0*V«»firiaj S K DSSIOM ) TS) *) , 

ft. w^fffiBtett, 'jy^fft ft^<0QSI5*iJ>ft 
*«. wOOg|5<i, ISl5ISfiWt|S|«te, »§l^!H5#?) 
T-A-ft5*>-i 0JSW± (i«KJ|«Ttt - 2 0K)Tft 
•3, %mcDft®cr)7 -)l>Rtf 0 . 2 [mm] lilt (Z 
Vmi&MX'liO. 2 [mm] ) X'hh. 

1 o o 5 2 ] z o itmim^nrvxfegA 1 ot 

m LX , , TS4 2 6 SrM^ffiS^-t y bL (X 
T-yTS2 1 0 ) , ftWC, ±fe^l<07*UX^3 1 
.0TJ8»Lfc«*Tffl4 2 60±tca# UfvrS 2 

2 0.) . ±M4 2 4 ZmfetmiZ-t y>1-ft . CcOlS 

-?"0«^4±a4 2 4tTa4 2 6i:t1S<^ 
a**ifc#JBfc$rft..iKvvC; ±S4 24^,1:1^84 

=Sr-5 (XT7 7-S25 0) . ^rt5, ^^SHjSRWtaT 
(4, 3 [ton/cm* ] JiUbco£E^*Wt^>iift . 
[ 0 0 5 3] frfrhmtf&Xr- -y 7'S 2 60 *'^f7 

rs2 9 5^t'^2saoffi©±gcofes, isa<off 

8SIHT1I ^nTtJS^^Srffi^^^f ft c: t {c J: 0 , ^ 
Xg£K^^-tftUySrfiiiftmiif4cl 5^J«$fl 
ft.-. 

[00543 JSUdBBBLfc J: o (c. Cltf)82!lit0iJ-C 



(7) 



WHfrl 0-4 0 9 37 



ii, ±£!3 24, TS3 2 6fcit^^^S3 2 2{Cffl 
**l**+tf?<r«MSW«':ra3 2. 33-4 TIME 
Loo. lggOEaMS-fifSroT^S. 

mnfo 4«K l 5 £SJj£t& i t , $ 6 fc 

1 0 0 5 5 ] i^jOtffWi, j£$E#Oit«fi<j 
ffiv> 1 SBajmim Jft»l£ft«>X» 2RI.<0£E«I 

St O 2JK<7)ffitiIST'fi^S:ff^-5-C v £ t . 

it BB14<0±T\ 3 [ton/cm* ] Oh 
«ftlEJ4ffl«T***«, 3 (C, 2&gtf> 

mrgT3 [Wcri ] fiLhOW^jDEtffSrdi 

[ 0 0 5 6 ] 'fcfe; fTiem 1 ftflffltt J:Zflff2 Jtltffl? 

tt, ±112 4, 4 2 4fc«klfTS2 6, 4 2 6<7>#E® 



*i2Lk (£*»wwrcii2o*> t% muconmr 

-^R*<0. 2 [mm] J2LL . CiWjWWWiO . 2 
[mm] ) fcfr->TH*. iOfllJftfcJ: 15 

jmi*i sodygttsoisjiS-Ei&it* 1 ^ 

[00573 ±Efl«fc*JJt'*»* l^^T-^ft 
0t^&oagB*>7-/PRtte. *«flcl 5«*Wte 

J:MR2KflM<o J: o «^KttmM(HB»^«ffivv^«m 

t , *imm*fc>w >y$maiizmt izx m 

T-^ft<?te. fi^L«tdttS85K^««(=J:-ot 

»2ioiw«J:3fcini«w>yr*> ; t«wis*i*Xhi/ 

Jfc*T«tlft3*i*tt*aitf>**i: fcj: >)±ie-f w\'ft<? 

[0058] &±<?)i 5*KI$£-B&a *.T#i§£fcfclt 
t L^r-^ne t t SfilTOft 1 KjRL 

fc. 

[00593 













i oa«± 


1 5KJ0i 


mm 




2 0KW± 




0. 2U± 


0. 3J0Ji 



[ 0 0 6.0 3 Zco&llZTKtmzmtlMisZVT 

wm%.m±izi s , , mtb. 

[006 1 3 S2IIMt*L^Ei»M^ffl 
V\ %2WVX#fiA4 1 0cOj^4 2 4fcit)q ; "M4 
2 60tfc# LilS^^-^tf L,T«ftUfeJI 
igflcfcOWC. HE4 0 [kg/cm*] TlfEUttSoy 
iM%.ltz<?>X\ *O|gJI£0 100/57 

,U- *lWl/*fcJl3 1 0(Ck*j8»JIAtt.l [ton/ 
cm* ] , wanrvxteAA l 0fcJ:*j«»JBiJtt3" 

[ton/cm* ] t U mm*l 5e«J&r*StHtift 
1 [mm] ISO^^t Lit. 

[00 623 01 0*>S>*iJS> i 3 fc, &mft«f4>!» 



[00633 SOKHMBsfefc^ (^-ffcttJaHi) 

i o [%] «aaoL^.fm»*<ficfm«^ tr. ±e 

[ton/cm* ] TJfc*(*t*WIU 

-ecomUfrfco^T t BBE4 0 [ kg/cm* ] T*¥ E t t 

■**>y70>ii*«wew:. hi Ki-eoaa^ss: 
[00643 i«H 1 1 J: 3 te, ««fwm*« - 



«1*ka'^^i o [%] tuttntfcfcw* 

0 , Sm»*^^T'*l» t « , r-Aft « *«2 0X£l 
[ 0 0 6 5 ] 1 1 Ofc inm 1 1 T«Lfci#lfeOtflR- 

t& i t -c* y 7m<?>mm®.&<mtir& , miimth 

[00663 J*U*IMHOVKO36>«|Bt0||cov\'CR 
v>T, a«^&BS«TlliaiL^C:tli^t&T'ftS. M 
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co 0 6 7] mmtwzmmmmizmt 

■ms*fT*3*a, i«B«ffi«iatii. mum 
lata?. 2m?>mx.mTi}\mmt:mzbT'. 

[00683 S&lC. ±S24. 324fcJOTI!2 
6. 3 2 6iffi$i&me>X-fzm£®fC. -ir^S 

[ 0 3 ] US 2 4 fe «t tXTS 2 6 «R|£ $ ih%<m 

x-hh. 

[06 ] ^ffi^]i:*S*c7)i|{tmKi:Ora^^^-r^ 

[07 1 ^2mmn%m.<m^m<nmm:^fv 

[08 ] »2iat0Wc*j(t4Jfffi£aitfT->T^*«JB 

omi <n7VX&&3 1 OOBrffi«ttSr*-r«^0TJ) 

[09 ] *2SBt«C*itt4ifflEEEIBtff->TV^*ai 

*>»2*>7v.xi&ju 1 o<nmmm.i^tmmrch 
h. 

rmx-st^tZTPtyjyx-bz. 



[01 1] mmmmzw yytmuuzttm>p> 
.12-ay-K. 

13-T/-K 

i 5-ms# 

1 5 a-K*#fftfxaW 

1 5b-**^«» 

1 5"b-**Mr^x«tt 

2 0-7VX&& 
2 2-^*fi 
24-±S 

2 6-jS 

2 8-±X7-fh' 

2 8 a, 3 Oa-Kii?L 

3 0-T*7-f H 

3 2, 3 ' 
3 6, 3 7-0 'J 

3 1 o-mi«orux^ 

3 2 2-^-f^M 
3 24-±M 
3 2 6-TS 
3 2 8-±^7^K 
3 3 0-TX7-fF 

3 3 2. 3 3 4- K^^r 

4 10-m2«7V^^ 

4 24-_hS 
4 2 6-TS 
4 2 8-±X5^H 
4 3 0-T^.7-f H 



[03] 



,24a(26a) 



[063 




24(26) 



1 2 3 4 
rtJBByj (ton/cm*) 



30 



20 



10 



[B10] 



10 . 15 20 
x-^fte (ff) 
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[05] 



[07] 




GED 



-S200 
-5210 
-S220 
-S230 



I 



-S250 

g2<P7u*%JUfflfe Y ~ S260 



S270 



"5290 



-S295 



QEE) 



[08] 



332 




i - 



10 



cain 



15 20 . 25 30 



